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Method  of  correcting  unbalance  of  a  rotating  body. 

In  a  method  of  correcting  the  unbalance  of  a  rotating 
body  (Fig.  5,  R),  data  relating  to  initial  unbalanced  amounts 
or  weights  (U1,  U6)  at  two  predetermined  correcting  planes 
axially  spaced  and  passing  through  the  body  is  processed  to 
determine  correcting  positions  (2  to  5)  and  corrective 
machining  weights  (u2  to  u5).  The  correcting  positions  and 
corrective  machining  weights  are  used  for  calculating  the 
location  of  each  center  of  gravity  of  each  corrective  ma- 
chining  portion  and  residual  unbalanced  amounts  (U7,  U8) 
in  the  axial  direction  on  the  assumption  that  corrective 
machining  has  been  effected.  The  value  of  each  of  the 
residual  unbalanced  amounts  will  be  compared  with  a  pre- 
determined  value  corresponding  to  its  tolerance.  If  the  value 
exceeds  the  tolerance,  new  initial  unbalanced  amounts  or 
new  correcting  planes  are  assumed  so  that  the  new  data  will 
be  converted  into  new  initial  information  (U1',  U6';  Fig.  11, 
U"(Zl'),  U"(Z6'))  to  be  fed  back  to  the  original  step  (16)  of 
processing  the  initial  unbalanced  amounts.  By  repeating  the 
operating  processes  (16  to  23)  the  residual  unbalanced 
amounts  will  be  within  the  tolerance  so  that  accurate  cor- 
rective  machining  can  be  effected,  balancing  the  rotating 
body  with  a  one-time  machining. 



BACKGROUND  OF  THE  INVENTION 

This   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  a  method  o f  

c o r r e c t i n g   u n b a l a n c e   in  a  r o t a t i n g   body,   such  as  a  r o t o r   o f  

an  e l e c t r i c a l   motor  or  the  l i k e ,   and  more  p a r t i c u l a r l y   t h e  

p r e s e n t   i n v e n t i o n   r e l a t e s   to  such  a  method  in  which  h o l e s   o r  

g r o o v e s   are  made  in  the  r o t a t i n g   body  by  f e e d i n g   a  d r i l l   or  a 

m i l l i n g   c u t t e r   in  a  d i r e c t i o n   p a r a l l e l   to  the  a x i s   of  t h e  

r o t a t i n g   b o d y .  

As  a  c o n v e n t i o n a l   method  of  d e t e r m i n i n g   or  m o d i f y i n g  

the  c o r r e c t i v e   a m o u n t ( s )   or  w e i g t h ( s )   in  v i e w  o f   a  m e a s u r e d  

u n b a l a n c e d   v a l u e s ,   a  method  of  making  a  ho l e   or  h o l e s   in  a 

r a d i a l   d i r e c t i o n   of  a  r o t a t i n g   body  is  known.  However,   s i n c e  

the  dep th   of  d r i l   c u t t i n g   is  not  p r o p o r t i o n a l   to  t h e  

c o r r e c t i v e   amount  a c h i e v e d   t h e r e b y ,   the  c o r r e c t i v e   amount  h a s  

to  be  c o r r e c t e d   or  m o d i f i e d   by  some  m e a s u r e s .  

Some  motor  r o t o r s   have  a  s t r u c t u r e   which   does  n o t  

s u i t e   for   making  h o l e s   in  i t s   r a d i a l   d i r e c t i o n   b e c a u s e   of  i t s  

l a m i n a t e d   c o r e .   In  such  a  c a s e ,   a l t h o u g h   i t   is  n e c e s s a r y   t o  

c o r r e c t   u n b a l a n c e   by  m a c h i n i n g   the  r o t o r   w i th   a  m i l l i n g  

c u t t e r   or  d r i l l   fed  in  a  d i r e c t i o n   p a r a l l e l   to  the  a x i s   o f  

the  r o t o r ,   r e s i d u a l   u n b a l a n c e   is  apt  to  occu r   due  to  t h e  

d e v i a t i o n   of  c e t e r   of  g r a v i t y   of  the  r emov ing   w e i g h t   f r o m  

each  c o r r e c t i n g   p l a n e .   The  o c c u r r e n c e   of  such  r e s i d u a l  

u n b a l a n c e   is  known  as  a  c o r r e c t i n g   p l a n e   e r r o r .  



Since   the  c o r r e c t i n g   p l a n e   e r r o r   a f f e c t s   not   only  t h e  

c o r r e c t i v e   amount  of  the  p l a n e   but  a l s o   the  o t h e r   c o r r e c t i n g  

p l a n e   which  is  l o c a t e d   in  the  v i c i n i t y   of  the  o t h e r   end  o f  

the  r o t o r ,   r e c o r r e c t i o n   of  the  c o r r e c t i v e   amounts   at  both  t h e  

c o r r e c t i n g   p l a n e s   have  been  t h o u g h t   i m p o s s i b l e .  

In  the  c o n v e n t i o n a l   t e c h n i q u e s ,   in  o r d e r   to  avo id   s u c h  

e r r o r s ,   the  c o r r e c t i v e   m a c h i n i n g   l e n g t h   in  the  d i r e c t i o n   o f  

the  a x i s   is  made  as  sma l l   as  p o s s i b l e   or  a  m i l l i n g   m a c h i n i n g  

method  has  been  a d o p t e d   for   p u t t i n g   the  c e n t e r   of  g r a v i t y   o f  

the  r emov ing   w e i g h t   at  the  same  p o s i t i o n   a l l   the  t i m e .  

In  the  case   t h a t   the  d i s t a n c e   be tween   two  c o r r e c t i n g  

p l a n e s   is   ve ry   s m a l l ,   the  r a t i o   be tween   the  u n b a l a n c e d   a m o u n t  

a f t e r   c o r r e c t i o n   and  i n i t i a l   u n b a l a n c e d   amount  is  only   1/2  t o  

1 /4 .   T h e r e f o r e ,   in  o r d e r   to  o b t a i n   n e c e s s a r y   dynamic  b a l a n c e  

i t   has  been  n e c e s s a r y   h i t h e r t o   to  r e p e a t   m e a s u r m e n t s   a n d  

c o r r e c t i o n s   s e v e r a l   t i m e s   in  e i t h e r   case  of  a u t o m a t i c  

c o r r e c t i o n   or  manual   c o r r e c t i o n .   For  t h i s   r e a s o n ,   t h e  

c o n v e n t i o n a l   method  for   o b t a n i n g   b a l a n c e   of  a  r o t a t i n g   b o d y  

has  s u f f e r e d   from  a  p r o b l e m   t h a t   i t   t a k e s   a  long  t ime  a n d  

t h a t   the   w o r k i n g   c o s t   and  b a l a n c i n g   e q u i p m e n t   cos t   are   h i g h .  

SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   has  been  a c h i v e d   in  o r d e r   t o  

remove  the  a b o v e - m e n t i o n e d   d i s a d v a n t a g e s   and  d r a w b a c k s  

i n h e r e n t   to  the   c o n v e n t i o n a l   method  of  c o r r e c t i n g   the  d y n a m i c  

u n b a l a n c e   in  a  r o t a t i n g   b o d y .  



It  i s ,   t h e r e f o r e ,   an  o b j e c t   of  the  p r e e n t   i n v e n t i o n   t o  

p r o v i d e   a  method  of  c o r r e c t i n g   the  dynamic   u n b a l a n c e   of  a  

r o t a t i n g   body  so  t h a t   dynamic   b a l a n c e   can  be  o b t a i n e d   wi th   a 

o n e - t i m e   m a c h i n i n g ,   r e d u c i n g   the  work ing   c o s t   and  b a l a c i n g  

e q u i p m e n t   c o s t .  

A c c o r d i n g   to  the  f e a t u r e   of  the  p r e s e n t   i n v e n t i o n ,  

i n i t i a l   u n b a l a n c e d   amount  i n f o r m a t i o n   or  d a t a   is  p r o c e s s e d   i n  

a  compute r   so  t h a t   n e c e s s a r y   c o r r e c t i v e   m a c h i n i n g   d a t a   w i l l  

be  o b t a i n e d   by  p e r f o r m i n g   s i m u l a t i o n .  

In  a c c o r d a n c e   wi th   the  f e a t u r e   of  the   p r e s e n t  

i n v e n t i o n   t h e r e   is  p r o v i d e d   a  method  of  c o r r e c t i n g   t h e  

dynamic   u n b a l a n c e   of  a  r o t a t i n g   body  by  e i t h e r   add ing   o r  

s u b t r a c t i n g   c o r r e c t i v e   amounts   in  the  a x i a l   d i r e c t i o n   of  s a i d  

r o t a t i n g   body  hav ing   an  u n b a l a n c e d   amount  wi th   r e s p e c t   to  i t s  

a x i s ,   c o m p r i s i n g :   a  f i r s t   s t e p   of  d e t e r m i n i n g   c o r r e c t i n g  

p o s i t i o n s   and  c o r r e c t i v e   m a c h i n i n g   w e i g h t s   in  a c c o r d a n c e   w i t h  

i n f o r m a t i o n   r a l a t i n g   to  i n i t i a l   u n b a l a n c e d   amounts   at  t w o  

p r e d e t e r m i n e d   c o r r e c t i n g   p l a n e s   which  are  a x i a l l y   s p a c e d   a n d  

p a s s i n g   t h r o u g h   s a i d   r o t a t i n g   body;  a  second   s t e p   o f  

c a l c u l a t i n g   the  p o s i t i o n   of  c e n t e r   of  g r a v i t y   of  e a c h  

c o r r e c t i v e   m a c h i n i n g   p o r t i o n   on  the  a s s u m p t i o n   t h a t  

c o r r e c t i v e   m a c h i n i n g   of  s a i d   r o t a t i n g   body  is  e f f e c t e d   i n  

a c c o r d a n c e   with  s a i d   c o r r e c t i n g   p o s i t i o n s   and  s a i d   c o r e c t i v e  

m a c h i n i n g   w e i g h t s ;   a  t h i r d   s t e p   of  c a l c u l a t i n g   r e s i d u a l  

u n b a l a n c e d   amoun t s ,   which  are  l o c a t e d   in  s a i d   a x i a l  



d i r e c t i o n ,   from  s a i d   c o r r e c t i n g   p o s i t i o n s   and  s a i d   c o r r e c t i v e  

m a c h i n i n g   w e i g h t s ;   a  f o u r t h   s t e p   of  j u d g i n g   w h e t h e r   one  o r  

both  of  s a i d   r e s i d u a l   u n b a l a n c e d   amounts   is  w i t h i n   a  g i v e n  

range   or  no t ;   a  f i f t h   s t e p   of  c a l c u l a t i n g   m a c h i n i n g   a m o u n t s  

c o r r e s p o n d i n g   to  s a i d   u n b a l a n c e d   amounts   in  the  case   t h a t   one 

or  both  of  s a i d   r e s i d u a l   u n b a l a n c e d   amounts   has  been  d e t e c t e d  

to  be  w i t h i n   s a i d   g iven   r ange   in  s a i d   f o u r t h   s t e p ;   a  s i x t h  

s t e p   of  f e e d i n g   back  new  i n i t i a l   u n b a l a n c e d   a m o u n t s ,   w h i c h  

are  o b t a i n e d   from  s a id   r e s i d u a l   u n b a l a n c e d   amount  and  s a i d  

i n i t i a l   u n b a l a n c e d   a m o u n t s ,   to  s a i d   f i r s t   s t e p   in  the  c a s e  

t h a t   one  or  both  of  s a i d   r e s i d u a l   u n b a l a n c e d   amounts   is  o u t  

of  s a i d   g iven   r a n g e ;   and  a  s e v e n t h   s t e p   of  m a c h i n i n g   s a i d  

r o t a t i n g   body  for   c o r r e c t i n g   s a i d   dynamic  u n b a l a n c e   i n  

a c c o r d a n c e   wi th   s a i d   m a c h i n i n g   amounts   o b t a i n e d   from  s a i d  

f i f t h   s t e p   and  by  s a i d   c o r r e c t i n g   p o s i t i o n s   d e t e r m i n e d   i n  

s a i d   f i r s t   s t e p .  

In  a c c o r d a n c e   wi th   the  f e a t u r e   of  the  p r e s e n t  

i n v e n t i o n   t h e r e   is   a l s o   p r o v i d e d   a  method  of  c o r r e c t i n g   t h e  

dynamic   u n b a l a n c e   of  a  r o t a t i n g   body  by  e i t h e r   add ing   o r  

s u b t r a c t i n g   c o r r e c t i v e   amounts   in  the  a x i a l   d i r e c t i o n   of  s a i d  

r o t a t i n g   body  h a v i n g   an  u n b a l a n c e d   amount  wi th   r e s p e c t   to  i t s  

a x i s ,   c o m p r i s i n g :   a  f i r s t   s t e p   of  d e t e r m i n i n g   c o r r e c t i n g  

p o s i t i o n s   and  each  c o r r e c t i v e   m a c h i n i n g   w e i g h t   in  a c c o r d a n c e  

wi th   i n f o r m a t i o n   r a l a t i n g   to  i n i t i a l   u n b a l a n c e d   amounts   a t  

two  p r e t e r m i n e d   c o r r e c t i n g   p l a n e s   which  are  a x i a l l y   space   a n d  



p a s s i n g   t h r o u g h   s a i d   r o t a t i n g   body;  a  second   s t e p   o f  

c a l c u l a t i n g   the  p o s i t i o n   of  each  c e n t e r   of  g r a v i t y   of  a 

c o r r e c t i v e   m a c h i n i n g   p o r t i o n   on  the  a s s u m p t i o n   t h a t  

c o r r e c t i v e   m a c h i n i n g   of  s a i d   r o t a t i n g   body  is  e f f e c t e d   i n  

a c c o r d a n c e   wi th   s a i d   c o r r e c t i n g   p o s i t i o n s   and  s a i d   e a c h  

c o r r e c t i v e   m a c h i n i n g   w e i g h t ;   a  t h i r d   s t e p   of  c a l c u l a t i n g  

r e s i d u a l   u n b a l a n c e d   a m o u n t s ,   which  are  l o c a t e d   in  s a i d   a x i a l  

d i r e c t i o n ,   from  s a i d   c o r r e c t i n g   p o s i t i o n s   and  s a i d   c o r r e c t i v e  

m a c h i n i n g   w e i g h t s ;   a  f o u r t h   s t e p   of  j u d g i n g   w h e t h e r   one  o r  

both  of  s a i d   r e s i d u a l   u n b a l a n c e d   amounts   is  w i t h i n   a  g i v e n  

range   or  no t ;   a  f i f t h   s t e p   of  c a l c u l a t i n g   m a c h i n i n g   a m o u n t s  

c o r r e s p o n d i n g   to  s a i d   u n b a l a n c e d   amounts   in  the  case   t h a t   o n e  

or  both  of  s a i d   r e s i d u a l   u n b a l a n c e d   amounts   has  been  d e t e c t e d  

to  be  w i t h i n   s a i d   g iven   r ange   in  s a id   f o u r t h   s t e p ;   a  s i x t h  

s t e p   of  f e e d i n g   back  newly  s e t   i n i t i a l   u n b a l a n c e d   amounts   t o  

s a i d   f i r s t   s t e p   in  the  case   t h a t   one  or  both  of  s a i d   r e s i d u a l  

u n b a l a n c e d   amounts   is  out  of  s a i d   p r e d e t e r m i n e d   r a n g e ,   s a i d  

newly  se t   i n i t i a l   u n b a l a n c e d   amounts   be ing   o b t a i n e d   by  

a s s u m i n g   two  new  c o r r e c t i n g   p l a n e s   each  i n c l u d i n g   t h e  

l o c a t i o n   of  s a id   c e n t e r   of  g r a v i t y   o b t a i n e d   in  s a i d   s e c o n d  

s t e p   and  by  c a l c u l a t i n g   i n f o r m a t i o n   r e l a t i n g   to  the  u n b a l a n c e  

at  the  assumed  p l a n e s   from  i n f o r m a t i o n   r e l a t i n g   to  t h e  

l o c a t i o n   of  s a i d   c e n t e r   of  g r a v i t y   of  s a i d   c o r r e c t i v e  

m a c h i n i n g   p o r t i o n s   and  from  s a i d   i n i t i a l   u n b a l a n c e d   a m o u n t s ,  

s a i d   i n f o r m a t i o n   r e l a t i n g   to  u n b a l a n c e   at  the  assumed  p l a n e s  



be ing   c o n v e r t e d   i n t o   i n f o r m a t i o n   r e l a t i n g   to  s a i d   newly  s e t  

i n i t i a l   u n b a l a n c e d   a m o u n t s ;   and  a  s e v e n t h   s t e p   of  m a c h i n i n g  

s a i d   r o t a t i n g   body  for  c o r r e c t i n g   s a i d   dynamic   u n b a l a n c e   i n  

a c c o r d a n c e   wi th   s a i d   m a c h i n i n g   amounts   o b t a i n e d   from  s a i d  

f i f t h   s t e p   and  by  s a id   c o r r e c t i n g   p o s i t i o n s   d e t e r m i n e d   i n  

s a i d   f i r s t   s t e p .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  o b j e c t   and  f e a t u r e s   of  the  p r e s e n t   i n v e n t i o n   w i l l  

become  more  r e a d i l y   a p p a r e n t   from  the  f o l l o w i n g   d e t a i l e d  

d e s c r i p t i o n   of  the  p r e f e r r e d   embod imen t s   t a k e n   in  c o n j u n c t i o n  

wi th   the  a c c o m p a n y i n g   d r a w i n g s   in  w h i c h :  

F i g s .   I  and  2  show  v iews  of  m a c h i n i n g   a  r o t a t i n g   b o d y  

by  means  of  a  m i l l i n g   c u t t e r   and  a  d r i l   for  c o r r e c t i n g  

dynamic   u n b a l a n c e ;  

Fig .   3  is  a  f l o w c h a r t   showing  an  embodiment   of  t h e  

o p e r a t i n g   s t e p s   for   p e r f o r m i n g   the  method  a c c o r d i n g   to  t h e  

p r e s e n t   i n v e n t i o n ;  

F ig .   4  is  s c h e m a t i c   view  of  a  r o t o r   of  an  e l e c t r i c a l  

motor  which  is  an  example   of  an  o b j e c t i v e   of  the  m e t h o d  

a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n ;  

Fig .   5  is  a  s c h e m a t i c   p e r s p e c t i v e   view  of  the  r o t o r   o f  

Fig .   4,  showing  v a r i o u s   v e c t o r s   used  in  the  c a l c u l a t i o n   o f  

the  method  of  Fig .   3 ;  

Fig .   6  is  a  v e c t o r   d i a g r a m   showing  a  c a l c u l a t i n g  

p r o c e s s   in  the  p r e s e n t   i n v e n t i o n   m e t h o d ;  



Fig .   7  is  a  p a r t i a l   c r o s s - s e c t i o n a l   view  of  the  r o t o r  

of  F i g s .   4  and  5,  showing  the  way  of  m a c h i n i n g   by  means  of  a  

m i l l i n g   c u t t e r ;  

F ig .   8  is  a  g r a p h i c a l   r e p r e s e n t a t i o n   showing  t h e  

r e l a t i o n s h i p   be tween   c o r r e c t i v e   w e i g h t   and  m a c h i n i n g   l e n g t h ,  

and  be tween   c o r r e c t i v e   w e i g h t   and  p o s i t i o n   of  c e n t e r   o f  

g r a v i t y   of  a  r emoving   p o r t i o n ;  

Fig.   9  is  view  showing  a  c o n v e n t i o n a l   c o r r e c t i n g  

m e t h o d ;  

Fig .   10  is  a  g r a p h i c a l   r e p r e s e n t a t i o n   showing  t h e  

r e l a t i o n s h i p   be tween   the  dep th   of  d r i l l   c u t t i n g   in  t h e  

c o n v e n i o n a l   method  of  F ig .   9  and  c o r r e c t i v e   u n b a l a n c e d  

a m o u n t ;  

F ig .   11  is  a  f l o w c h a r t   showing  a n o t h e r   embodiment   o f  

the  o p e r a t i n g   s t e p s   for   p e r f o r m i n g   the  method  a c c o r d i n g   t o  

the  p r e s e n t   i n v e n t i o n ;   a n d  

Fig .   12  is  a  s c h e m a t i c   p e r s p e c t i v e   view  of  the  r o t o r  

of  F ig .   4,  showing  v a r i o u s   v e c t o r s   used  in  the  c a l c u l a t i o n   o f  

the  method  of  F ig .   1 1 ;  

The  same  or  c o r r e s p o n d i n g   e l e m e n t s   and  p a r t s   a r e  

d e s i g n a t e d   at  l i k e   n u m e r a l s   t h r o u g h o u t   the  d r a w i n g s .  

DETAILD  DESCRIPTION OF  THE  INVENTION 

P r i o r   to  d e s c r i b i n g   the  embod imen t s   of  the  p r e s e n t  

i n v e n t i o n ,   the  a b o v e - m e n t i o n e d   c o n v e n t i o n a l   method  w i l l   b e  

f u r t h e r   d i s c u s s e d   for  b e t t e r   u n d e r s t a n d i n g   of  the  p r e s e n t  



i n v e n t i o n .  

Fig .   9  shows  a  c o n v e n t i o n a l   method  of  making  h o l e s   i n  

a  r o t a t i n g   body  R  in  the  r a d i a l   d i r e c t i n   of  the  r o t a t i n g   b o d y  

R.  The  r e f e r e n c e   G  i n d i c a t e s   the  c e n t e r   of  g r a v i t y   o f  

removing   we igh t   of  a  r emoving   p o r t i o n   i n d i c a t e d   by  d o t t e d  

l i n e s .   The  r e f e r e n c e   "r"  i n d i c a t e s   the  r a d i u s   of  the  c e n t e r  

of  g r a v i t y   G.  The  r e f e r e n c e   G'  and  " r ' "   r e s p e c t i v e l y  

i n d i c a t e   the  c e n t e r   of  g r a v i t y   and  the  r a d i u s   of  the  same  i n  

c o n n e c t i o n   wi th   a n o t h e r   h o l e .  

F ig .   10  is  a  g r a p h i c a l   r e p r e s e n t a t i o n   of  u n b a l a n c e  

c o r r e c t i v e   amount  wi th   r e s p e c t   to  the  dep th   of  d r i l l   c u t t i n g .  

From  the  cu rve   of  F ig .   10,  i t   w i l l   be  u n d e r s t o o d   t h a t   t h e  

u n b a l a n c e   c o r r e c t i v e   amount  is  not   p r o p o r t i o n a l   to  the  d e p t h  

of  d r i l l   c u t t i n g   when  c u t t i n g   h o l e ( s )   i s / a r e   made  in  t h e  

r a d i a l   d i r e c t i o n .  

F i g s .   1  and  2  r e s p e c t i v e l y   show  o t h e r   c o v e n t i o n a l  

m e t h o d s .   In  F i g s .   1  and  2,  the  r e f e r e n c e s   A  and  B 

r e s p e c t i v e l y   i n d i c a t e   c o r r e c t i n g   p l a n e s   a x i a l l y   spaced   a n d  

normal   to  the  a x i s   of  the  r o t a t i o n   of  the  r o t o r   R  so  t h a t   t h e  

c o r r e c t i n   p l a n e s   A  and  B  pass   t h r o u h   the  r o t o r   R.  The 

r e f e r e n c e   L  i n d i c a t e s   the  d i s t a n c e   be tween   t h e s e   two  

c o r r e c t i n g   p l a n e s   A  and  B.  The  r e f e r e n c e s   UA  and  UB  i n d i c a t e  

r emoving   w e i g h t s   c o r r e s p o n d i n g   to  the  w e i g h t   of  the  m a t e r i a l  

removed  from  the  r o t a t i n g   body  R  by  m a c h i n i n g   f o r  

n e u t r a l i z i n g   the  u n b a l a n c e d   amoun t s .   F ig .   1  i l l u s t r a t e s   a 



way  of  removing  the  m a t e r i a l   by  means  of  a  m i l l i n g   c u t t e r   M, 

wh i l e   Fig .   2  i l l u s t r a t e s   a  way  of  removing   the  m a t e r i a l   by  

means  of  a  d r i l l   D.  In  both   F i g s .   1  and  2,  the  m i l l i n g  

c u t t e r   M  and  the  d r i l l   D  are   fed  in  a  d i r e c t i o n   p a r a l l e l   t o  

the  a x i s   of  the  r o t a t i n g   body  R.  The  a x i s   is  u s u a l l y  

i n c l u d e d   in  the  s h a f t   S  of  the  r o t a t i n g   body  R.  The  c e n t e r  

of  g r a v i t y   of  the  removed  p o r t i o n   is  i n d i c a t e d   by  t h e  

r e f e r e n c e   G  in  c o n n e c t i o n   wi th   the  l e f t   c o r r e c t i n g   p l a n e   A, 

wh i l e   the  c e n t e r   of  g r a v i t y   of  the  removed  p o r t i o n   i s  

i n d i c a t e d   by  the  r e f e r e n c e   G'  in  c o n n e c t i o n   wi th   the  r i g h t  

c o r r e c t i n g   p l a n e   B. 

A l t h o u g h   the  c e n t e r s   of  g r a v i t y   G  and  G'  s h o u l d   be  on 

the  c o r r e c t i n g   p l a n e s   A  and  B  r e s p e c t i v e l y ,   the  p o s i t i o n s   o f  

the  c e n t e r s   of  g r a v i t y   G  and  G'  are  apt  to  be  d e v i a t e d   o r  

s h i f t e d   from  the  c o r r e c t i n g   p l a n e s   A  and  B  due  to  e r r o r s .  

Assuming  t h a t   the   l e f t   c e n t e r   of  g r a v i t y   G  has  been  d e v i a t e d  

from  the  l e f t   c o r r e c t i n g   p l a n e   A  by  biA,  r e s i d u a l   u n b a l a n c e  

e x p r e s s e d   in  t e rms   of  ΔlA L UA  o c c u r s   at  the  l e f t   c o r r e c t i n g  

p l a n e   A,  w h i l e   a n o t h e r   r e s i d u a l   u n b a l a n c e   e x p r e s s e d   in  t e r m s  

o f  -   ΔlA L UA  o c c u r s   at  the  r i g h t   c o r r e c t i n g   p l a n e   B.  In  t h e  

same  manner ,   the  d e v i a t i o n   of  the  r i g h t   c e n t e r   of  g r a v i t y   G'  

r e s u l t s   in  the  o c c u r r e n c e   of  r e s i d u a l   u n b a l a n c e   at  the  l e f t  

and  r i g h t   c o r r e c t i n g   p l a n e s   A  and  B.  The  o c c u r r e n c e   of  s u c h  

r e s i d u a l   u n b a l a n c e   is  known  as  c o r r e c t i n g   p l a n e   e r r o r s .  

S ince   the  amount  of  c o r r e c t i o n   at  each  of  the  l e f t   and  r i g h t  



c o r r e c t i n g   p l a n e s   A  and  B  a f f e c t s   r e c i p r o c a l l y ,   r e c o r r e c t i o n  

of  the  c o r r e c t i v e   amounts   has  been  i m p o s s i b l e   h i t h e r t o .  

The  p r e s e n t   i n v e n t i o n   w i l l   be  d e s c r i b e d   wi th   r e f e r e n e  

to  F i g s .   3  to  8  h e r e i n b e l o w .   F ig .   3  is  a  f l o w c h a r t   s h o w i n g  

a l l   the  p r o c e s s e s   in  a  compute r   used  for  p e r f o r m i n g   t h e  

method  a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n .   Fig .   4  shows  a 

r o t a t i n g   body  R  which  is  an  o b j e c t i v e   of  c o r r e c t i o n   so  t h a t  

the  r o t a t i n g   body  R  w i l l   be  b a l a n c e d .   The  r o t a t i n g   body  R  o f  

F ig .   4  is  a  r o t o r   of  a  smal l   c o m m u t a t o r - m o t o r ,   and  the  r o t o r  

R  has  t w e l v e   s l o t s   10  r a d i a l l y   e x t e n d i n g   from  the  a x i s  

t h e r e o f .   The  r e f e r e n c e   numera l   11  i n d i c a t e s   the  core   of  t h e  

r o t o r   R,  and  the  c o r r e c t i o n   of  the  dynamic  u n b a l a n c e   of  t h e  

r o t o r   R  is  e f f e c t e d   by  c u t t i n g   away  the  o u t e r   p e r i p h e r y   o f  

the  r o t o r   by  means  of  a  d r u m - s h a p e d   m i l l i n g   c u t t e r   14  w h i c h  

is  fed  in  the  d i r e c t i o n   p a r a l l e l   to  the  a x i s   of  the   r o t o r   R. 

In  the  i l l u s t r a t e d   e x a m p l e ,   two  p e r i p h e r a l   p o r t i o n s   12  and  13 

are  s i m u l t a n e o u s l y   m a c h i n e d .   The  number  of  p e r i p h e r a l  

p o r t i o n s   to  be  m a c h i n e d   may  be  changed   in  a c c o d a n c e   wi th   t h e  

wid th   of  the  m i l l i n g   c u t t e r   14.  In  the  above ,   the  p e r i p h e r y  

of  the  d r u m - s h a p e d   m i l l i n g   c u t t e r   14  is  concaved   to  the  o u t e r  

shape  of  the  core   11  as  shown  in  Fig .   4 .  

Fig .   5  is  a  v e c t o r   d i ag ram  showing  the  b a l a n c i n g  

c o n d i t i o n   of  the  r o t o r   R  of  F ig .   4.  Measured   i n i t i a l  

u n b a l a n c e   v e c t o r s   Ul  and  U6  r e s i d e   in  end  p l a n e s   which  a r e  

r e s p e c t i v e l y   e x p r e s s e d   by  Z  =  Z1  and  Z  =  Z6.  C o r r e c t i v e  



v e c t o r s   U2,  U3,  U4  and  U5  r e s p e c t i v e l y   r e s i d e   in  p l a n e s  

e x p r e s s e d   by  Z  =  Z2,  Z  =  Z3,  Z  =  Z4  and  Z  =  Z5,  where  each  o f  

the  p l a n e s   Z  =  Z2 ,   Z  =  Z3,  Z  = Z4  and  Z  =  Z5  i n c l u d e s   t h e  

c e n t e r   of  g r a v i t y   of  each  c o r r e s p o n d i n g   c o r r e c t i v e   w e i g h t .  

I t   is  assumed  t h a t   r e s i d u a l   u n b a l a n c e   v e c t o r s   U7  and  U8 

r e s p e c t i v e l y   r e s i d e   in  the  p l a n e s   Z  =  Zl  and  Z  =  Z6  in  t h e  

same  manner  as  the  i n i t i a l   u n b a l a n c e   v e c t o r s   Ul  and  U6.  

T u r n i n g   back  to  F ig .   3,  the  r e f e r e n c e   15  d e s i g n a t e s   a  

s t e p   of  i n p u t t i n g   the  i n i t i a l   u n b a l a n c e d   a m o u n t s .   In  t h i s  

s t e p ,   the  i n i t i a l   u n b a l a n c e d   amounts   Ul  an  U6,  which  h a v e  

been  m e a s u r e d   by  a  c o n v e n t i o n a l   dynamic  b a l a n c e   t e s t e r ,   a r e  

a p p l i e d   to  a  c o m p u t e r   which  is  used  for   p e r f o m i n g   the  m e t h o d  

a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n .   Each  of  the  u n b a l a n c e d  

amounts   Ul  and  U6  is  e x p r e s s e d   in  t e rms   of  an  u n b a l a n c e d  

w e i g h t   ul  and  u6  ( u n i t :   grams)  and  d i r e c t i o n   81  and  06  ( u n i t :  

d e g r e e s )   to  be  cut   a w a y .  

A  s t e p   16  of  d e t e r m i n i n g   the  c o r r e c t i v e   a n g l e s   f o l l o w s  

the  a b o v e - m e n t i o n e d   s t e p   15.  In  t h i s   s t e p   16,  the  d i r e c t i o n s  

of  the  c o r r e c t i v e   v e c t o r s   U2  and  U3  for   c o r r e c t i n g   t h e  

i n i t i a l   u n b a l a n c e   Ul,  namely  the  d i r e c t i o n s   of  the  core   11  t o  

be  cut   away  which  d i r e c t i o n s   are  e x p r e s s e d   in  a n g l s   @2  and  @3 

( u n i t :   d e g r e e s ) ,   are  d e t e r m i n e d   in  such  a  manner  t h a t   t h e  

f o l l o w i n g   r e l a t i o n s h i p   is  s a t i s f i e d :  

w h e r e i n  



The  d i r e c t i o n s   64  and  85  of  o t h e r   c o r r e c t i v e   v e c t o r s   U4  a n d  

U5  for   c o r r e c t i n g   the  o t h e r   i n i t i a l   u n b a l a n c e   v e c t o r   U6  a r e  

d e t e r m i n e d   in  the  same  manner  as  in  the  a b o v e .  

A  s t e p   17  f o l l o w i n g   the  s t e p   16  is  for   d e t e r m i n i n g   t h e  

c o r r e c t i v e   w e i g h t s .   In  t h i s   s t e p   17,  the  m a g n i t u d e s   u2  a n d  

u3  ( u n i t :   grams)  of  the   c o r r e c t i v e   v e c t o r s   U2  and  U3  for   Ul  

are  d e t e r m i n e d   by  the  s t a t i c   b a l a n c i n g   c o n d i t i o n   at  the  p l a n e  

Z  =  Zl  as  shown  in  Fig .   6  w i t h o u t   c o n s i d e r i n g   the  e f f e c t   o f  

c e n t e r   g r a v i t y   s h i f t i n g .   Namely,   u2  and  u3  are  r e s p e c t i v e l y  

g iven   b y :  

The  m a g n i t u d e s   u4  and  u5  of  the  c o r r e c t i v e   v e c t o r s   U4 

and U5  for   U6  are  c a l c u l a t e d   in  t h e  s a m e   manne  as  f o l l o w s :  

In  a  f o l l o w i n g   s t e p   18  of  c a l c u l a t i n g   the  c e n t e r   o f  

g r a v i t y   l o c a t i o n ,   the   d i s t a n c e   ZO  be tween   the  end  s u r f a c e   E l  

of  the  r o t o r   R  and  the  c e n t e r   of  g r a v i t y   G  (see  F ig .   7)  o f  

the  p o r t i o n   to  be  removed  from  the  end  s u r f a c e   El  is  o b t a i n e d  

in  c o n n e c t i o n   wi th   r e s p e c t i v e   r emoving   w e i g h t s   u2,  u3,  u4  a n d  



u5.  Namely,  the  p o s i t i o n   of  each  c e n t e r   of  g r a v i t y   i s  

o b t a i n e d   under   an  a s s u m p t i o n   t h a t   m a c h i n i n g   or  c u t t i n g   h a s  

been  e f f e c t e d   to  remove  the  c o r r e c t i v e   w e i g h t   u2,  u3,  u4  o r  

u5.  The  d i s t a n c e   be tween   the  end  s u r f a c e   El  and  the  c e n t e r  

of  g r a v i t y   G2  of  the  r emoving   w e i g h t   u2  is  e x p r e s s e d   in  t e r m s  

of  Z02.  In  the  same  manner ,   l i k e   d i s t a n c e s   Z03  to  Z05 

be tween   the  end  s u r f a c e   El  and  the  c e n t e r s   of  g r a v i t y   G3,  G4 

and  G5  of  the  r emoving   w e i g h t s   u3,  u4  and  u5  are  o b t a i n e d .  

From  t h e s e   d i s t a n c e s   Z02  to  Z05,  the  Z  o r d i n a t e s   of  t h e  

work ing   p o i n t s   of  the  c o r r e c t i v e   v e c t o r s   U2,  U3,  U4  and  U5 

w i l l   be  o b t a i n e d   as  f o l l o w s :  

In  the  above ,   s i n c e   i t   is  d i f f i c u l t   to  d i r e c t l y   o b t a i n  

the  p o s i t i o n s   ZO  of  the  c e n t e r s   of  g r a v i t y   from  the  r e m o v i n g  

w e i g h t s   "u",   w h i l e   i t   r e q u i r e s   much  time  for  the  c a l c u l a t i o n ,  

in  p r a c t i c e ,   the  v a l u e   of  ZO  w i l l   be  a p p r o x i m a t e d   as  f o l l o w s :  

Namely,   a  p l u r a l i t y   of  c o r r e c t i v e   w e i g h t s   "u"  c o r r e s p o n d i n g  

to  a  p l u r a l i t y   of  m a c h i n i n g   or  c u t t i n g   l e n g t h s   k  (see  F i g .  

7) ,   and  the  d i s t a n c e s   ZO  i n d i c a t i n g   the  p o s i t i o n   of  t h e  

c e n t e r s   of  g r a v i t y   of  the  r e s p e c t i v e   removing   p o r t i o n s   a r e  

o b t a i n e d   in  a d v a n c e .   Then  c u r v e s   o b t a i n e d   from  the  a b o v e  

da ta   w i l l   be  p l o t t e d   on  a  g raph   as  shown  in  F ig .   8.  From  t h e  

graph   of  Fig  8,  the  c o r r e c t i v e   m a c h i n i n g   amount  and  t h e  

c e n t e r   of  g r a v i t y   l o c a t i o n   may  be  r e s p e c t i v e l y   e x p r e s s e d   by  



way  of  p o l y n o m i n a l   a p p r o x i m a t i o n s   e x p r e s s e d   in  t e rms   o f  

k  =  f (u )   and  Z0  =  g ( u ) .   The  v a l u e s   ZO  may  be  o b t a i n e d   by  

s u b s t i t u i n g   the  v a l u e s   o f  " u "   i n t o   t h e s e   f o r m u l a s .  

A l t e r n a t i v e l y ,   the  v a l u e s   of  "u"  may  be  d i v i d e d   i n t o   a  

p l u r a l i t y   of  s e c t i o n s   so  t h a t   each  s e c t i o n   is  r e p r e s e n t e d   by  

a  c o r r e s p o n d i n g   f o r m u l a ,   a l l o w i n g   s u b s t i t u t i o n   of  the  v a l u e s  

of  "u"  to  f i n d   the  v a l u e s   of  ZO. 

A  f o l l o w i n g   s t e p   19  is  for   c a l c u l a t i n g   the  r e s i d u a l  

u n b a l a n c e d   amounts   U7  and  U8,  and  in  t h i s   s t e p ,   r e s i d u a l  

u n b a l a n c e d   amounts   U7  and  U8,  which  w i l l   be  l e f t   when  t h e  

c o r r e c t i v e   m a c h i n i n g   is  made  in  a c c o r d a n c e   wi th   the  d a t a  

d e t e r m i n e d   by  the  s t e p s   16,  17  and  18,  are  d e r i v e d   from  a  

f o r m u l a   of  dynamic   b a l a n c e .   The  c o n d i t i o n   for   the  d y n a m i c  

b a l a n c e   of  the  r o t o r   shown  in  F ig .   5  is  t h a t   the   f o l l o w i n g  

two  e q u a t i o n s   are  f u l f i l l e d ,   r e p r e s e n t i n g   the  r e s i d u a l  

u n b a l a n c e d   amounts   by  U7  and  U8. 

From  the  above  f o r m u l a   of  r e s u l t a n t   u n b a l a n c e ,   a  

r e l a t i o n s h i p   of  U7  =  -U8  is  d e r i v e d ,   and  t h i s   r e l a t i o n s h i p   i s  

s u b s t i t u t e d   in  the  f o r m u l a   of  r e s u l t a n t   moment  to  o b t a i n   U8 

as  f o l l o w s :  



The  v a l u e s   of  the  r e s i d u a l   u n b a l a n c e d   amounts   U7  and  U8  a r e  

r e s p e c t i v e l y   o b t a i n e d   from  the  above  o p e r a t i o n s .   In  a c t u a l  

v e c t o r   c a l c u l a t i o n ,   the  v e c t o r   componen t s   may  be  d i v i d e d   i n t o  

"x"  component   and  "y"  c o m p o n e n t .   In  the  above  f o r m u l a   f o r  

o b t a i n i n g   the  r e s i d u a l   u n b a l a n c e d   a m o u n t s ,   i n i t i a l   u n b a l a n c e d  

a m o u n t s ,   which  have  been  a c t u a l l y   m e a s u r e d ,   are  used  as  t h e  

v a l u e s   of  Ul  and  U6.  Namely,   s u b s t i t u t e d   Ul '   and  U6 '  

o b t a i n e d   in  a  n e w - i n i t i a l   u n b a l a n c e d   amounts   d e t e r m i n i n g   s t e p  

23  of  Fig .   3  are  not  used  for   t h e s e   v a l u e s . .  

In  a  s t e p   20  of  j u d g i n g ,   which  f o l l o w s   the  s t e p   19,  i t  

is  d e t e c t e d   w h e t h e r   the  a b s o l u t e   v a l u e s   IU71  and  IU81  of  t h e  

r e s i d u a l   u n b a l a n c e d   amounts   U7  and  U8  are  s m a l l e r   than  t h e i r  

t o l e r a n c e s   or  n o t .   If  the  a b s o l u t e   v a l u e s   are   w i t h i n   t h e  

t o l e r a n c e s ,   a  f o l l o w i n g   s t e p   21  for   c a l c u l a t i n g   m a c h i n i n g  

l e n g t h   w i l l   t a k e s   p l a c e   b e c a u s e   the  u n b a l a n c e d   amounts   a r e  

n e g l i g i b l y   s m a l l .   In  the  s t e p   21,  m a c h i n i n g   l e n g t h s   l2 ,   l 3 ,  

l4,  and  l5  r e s p e c t i v e l y   c o r r e s p o n d i n g   to  c o r r e c t i v e   w e i g h t s  

u2,  u3,  u4  and  u5  are  c a l c u l a t e d   by  the  f o r m u l a   of  l  =  f ( u )  

d e s c r i b e d   in  c o n n e c t i o n   wi th   the  s t e p   18  for  c a c u l a t i n g   t h e  

p o s i t i o n   of  c e n t e r   of  g r a v i t y .  

A f t e r   the  s t e p   21,  a  m a c h i n i n g   d a t a   e m i t t i n g   s t e p   22 

w i l l   t ake   p l a c e .   In  t h i s   s t e p   22,  02,  83,  64,  65,  l2 ,   l3 ,   l4  

and  l5   w i l l   be  e m i t t e d   from  the  compute r   as  m a c h i n i n g   d a t a ,  

c o m p l e t i n g   a l l   the  c a l c u l a t i o n s .  

If  the  c o n d i t i o n   in  the  j u d g i n g   s t e p   20  is  n o t  



f u l f i l l e d ,   I t s   s t e p   23  is  e x e c u t e d   in  p l a c e   of  the  s t e p   2 1 .  

The  s t e p   23  is  for   d e t e r m i n i n g   new  i n i t i a l   u n b a l a n c e d   a m o u n t s  

Ul'  and  U6'  by  add ing   the  r e s i d u a l   u n b a l a n c e d   amounts   U7  and  

U8  to  the  i n i t i a l   u n b a l a n c e d   amounts   Ul  and  U6  as  f o l l o w s :  

In  the  above ,   a  is  a  c o s t a n t   for   s p e e d i n g   up  t h e  

c o n v e r g e n c e   of  the  s o l u t i o n .   The  da ta   Ul'   and  U6'  o b t a i n e d  

in  the  s t e p   23  are  r e t u r n e d   to  the  c o r r e c t i n g   a n g l e  

d e t e r m i n i n g   s t e p   16,  so  t h a t   Ul  and  U6  w i l l   be  s u b s t i t u t e d  

wi th   Ul '   and  U6 ' .   The  s t e p s   from  16  to  20  are  e x e c u t e d   i n  

the  same  manner  as  d e s c r i b e d   in  the  above  u s i n g   Ul'  and  U 6 ' .  

C a l c u l a t i o n s   in  the  s t e p s   16  to  19  w i l l   be  r e p e a t e d   u n t i l   t h e  

c o n d i t i o n   of  the  j u d g i n g   s t e p   20  is  f u l f i l l e d .   As  a  r e s u l t ,  

m a c h i n i n g  d a t a   which  s a t i s f i e s   the  c o n d i t i o n   of  the  s t e p   20 

w i l l   be  f i n a l l y   e m i t t e d   in  the  s t e p   2 2 .  

In  the  a b o v e - d e s c r i b e d   embod imen t ,   a l t h o u g h   t h e  

c o r r e c t i n g   p l a n e s   Z  =  Zl  and  Z  =  Z6  are  r e s p e v c t i v e l y   se t   a t  

the  both   end  s u r f a c e s   El  and  E2  of  the  r o t o r   R,  t h e s e  

c o r r e c t i n g   p l a n e s   may  be  s e t   a r b i t r a r i l y .   F u r t h e r m o r e ,  

a l t h o u g h   i t _ h a s   been  d e s c r i b e d   t h a t   c o r r e c t i o n   of  the  d y n a m i c  

u n b a l a n c e   is   p e r f e c t l y   e f f e c t e d   at  two  p l a n e s ,   i t   is  p o s s i b l e  

to  l e a v e   a  g iven   amount  of  r e s i d u a l   u n b a l a n c e   on  p u r p o s e   b y  

a d j u s t i n g   the   amount  of  c o r r e c t i v e   m a c h i n i n g   i f   d e s i r e d .  

The  r e s i d u a l   u n b a l a n c e d   amounts   may  be  o b t a i n e d   in  a  



d i f f e r e n t   way  from  the  a b o v e - d e s c r i b e d   one.  A c c o r d i n g   t o  

t h i s   method ,   which  may  c o n s t i t u t e   a  m o d i f i c a t i o n   of  the  a b o v e  

d e s r i b e d   f i r s t   e m b o d i m e n t ,   the  two  f o r m u l a s   r e l a t i n g   to  t h e  

b a l a n c i n g   c o n d i t i o n ,   which  are  d e s c r i b e d   in  c o n n e c t i o n   w i t h  

the  r e s i d u a l   u n b a l a n c e d   amount  c a l c u l a t i n g   s t e p   19,  are  n o t  

used .   Namely,   r e s i d u a l   u n b a l a n c e d   amounts   at  the  p l a n e s   A 

and  B  of  F ig .   I  w i l l   be  o b t a i n e d   as  f o l l o w s   based   on  the  f a c t  

t h a t   the  c o r r e c t i v e   amount  UA  at  the  p l a n e   A  r e s u l t s   in  t h e  

o c c u r r e n c e   of  r e s i d u a l   u n b a l a n c e   of  ΔlA L UA  and ΔlA L UA  at  t h e  

p l a n e s   A  and  B,  w h i l e   the  c o r r e c t i v e   amount  UB  at  the  p l a n e   B 

r e s u l t s   in  the  o c c u r r e n c e   of  r e s i d u a l   u n b a l a n c e   o f  -   ΔlB L UB 

and  ΔlB L UB  at  the  p l a n e s   A  and  B: 

T h e r e f o r e ,   by  e f f e c t i n g   c o r r e c t i v e   m a c h i n i n g  

c o r r e s p o n d i n g   to  U'A  and  U'B  in  p l a c e   of  e f f e c t i n g   c o r r e c t i v e  

m a c h i n i n g   c o r r e s p o n d i n g   to  UA  and  UB,  i t   is  p o s s i b l e   t o  

modi fy   the  amount  of  c o r r e c t i v e   m a c h i n i n g .   T h i s  

s u b s t a n t i a l l y   c o r r e s p o n d s   to  p e r f o r m i n g   f e e d b a c k   of  t h e  

amount  of  r e s i d u a l   u n b a l a n c e   once  in  the  c a c u l a t i n g   p r o c e s s  

of  Fig .   1 .  

F u r t h e r m o r e ,   a l t h o u g h   the  f i r s t   embodiment   has  b e e n  

d e s c r i b e d   in  c o n n e c t i o n   wi th   a  case  of  two  componen t s   o f  



f o r c e   of  each  c o r r e c t i n g   p l a n e   whose  c o r r e c t i v e   m a c h i n i n g  

p o s i t i o n   has  been  l i m i t e d ,   s i m i l a r   c a l c u l a t i n g   p r o c e s s e s   may 

be  a p p l i e d   to  o t h e r   c a s e s ,   such  as  a  case  t h a t   the  c o r r e c t i v e  

m a c h i n i n g   d i r e c t i o n   is  not   l i m i t e d ,   a  case   t h a t   no  c o m p o n e n t  

of  f o r c e   is  r e q u i r e d   or  a  case  of  more  than   two  c o m p o n e n t s   o f  

f o r c e .   In  the  f i r s t   e m b o d i m e n t ,   the  s h i f t i n g   of  the  c e n t e r  

of  g r a v i t y   of  the  c o r r e c t i v e   w e i g h t   p o r t i o n   in  the  d i r e c t i o n  

Z  by  m i l l i n g   c u t t e r   m a c h i n i n g   is  t aken   i n t o   a c c o u n t   as  shown 

in  F ig .   7,  w h i l e   s l i g h t   s h i f t i n g   Δr  of  the  c e n t e r   of  g r a v i t y  

in  the  r a d i a l   d i r e c t i o n   shown  in  F ig .   1  has  been  i g n o r e d .  

However ,   the  v a l u e   of  Δr  may  be  o b t a i n e d   by  add ing   c a l u l a t i o n  

to  c a l c u l a t i n g   s t e p   18  of  Fig .   3,  so  t h a t   t h i s   componen t   may 

be  i n c l u d e d   by  s u b s t i t u t i n g   the  same  by  u s i n g   (1+Δr r)u  i n  

p l a c e   of  "u"  in  the  s t e p   of  c a l c u l a t i n g   the   r e s i d u a l  

u n b a l a n c e d   a m o u n t s .  

A n o t h e r   m o d i f i c a t i o n   or  emobidment   w i l l   be  d e s c r i b e d  

wi th   r e f e r e n c e   to  F i g s .   11  and  12.  Fig .   11  is  a  f l o w c h a r t ,  

and  in  t h i s   f l o w c h a r t ,   a  s t e p   15  of  i n p u t t i n g   i n i t i a l  

u n b a l a n c e d   a m o u n t s ,   a  s t e p   16  of  d e t e r m i n i n g   c o r r e c t i v e  

a n g l e s   and  a  s t e p   17  of  d e t e r m i n i n g   c o r r e c t i v e   w e i g h t s   a r e  

p e r f o r m e d   in  the  same  manner  as  in  the  a b o v e - d e s c r i b e d  

e m b o d i m e n t .   However ,   the  s t e p   18  of  c a c u l a t i n g   the  l o c a t i o n s  

of  c e n t e r s   of  g r a v i t y   is   changed   as  f o l l o w s :   Namely,   i n  

a d d i t i o n   to  the  c a c u l a t i o n   of  the   s t e p   18  of  F ig .   3,  the  s t e p  

18'  of  F ig .   11  c o m p r i s e s   c a l c u l a t i n g   s t e p s   for   o b t a i n i n g  



c e n t e r s   of  g r a v i t y   Zl '   and  Z6'  which  are  r e s p e c t i v e l y  

imag ined   as  the  r e s u l t a n t   c e n t e r s   of  g r a v i t y   be tween   the  two  

v e c t o r s   U2  and  U3  and  be tween   the  o t h e r   two  v e c t o r s   U4  a n d  

U5.  In  d e t a i l ,   the  p o s i t i o n s   Zlt  AND  Z6'  of  the  r e s u l t a n t  

c e n t e r s   of  g r a v i t y   U2  and  U3  w i l l   be  g iven   b y :  

The  f o l l o w i n g   s t e p   19  of  c a l c u l a t i n g   r e s i d u a l  

u n b a l a n c e d   a m o u n t s ,   the  s t e p   20  of  j u d g i n g ,   the  s t e p   21  o f  

c a l c u l a t i n g   m a c h i n i n g   l e n g t h s  a n d   the  s t e p   2 2  o f   e m i t t i n g  

m a c h i n i n g   d a t a   are  the  same  as  in  the  f l o w c h a r t . o f   F ig .   3 .  

The  new  i n i t i a l   u n b a l a n c e d   amounts   d e t e r m i n i n g   s t e p   23  o f  

F ig .   3  is  r e p l a c e d   with  a  c o r r e c t i n g   p l a n e   c o n v e r t i n g   s t e p  

23'  in  Fig .   11.  In  t h i s   s t e p   2 3 ' ,   the  i n i t i a l   u n b a l a n c e d  

amounts   U l ( u l ,   81)  and  U6(u6,   66)  at  the  p r e d e t e r m i n e d  

c o r r e c t i n g   p l a n e s   Z  =  Zl  and  Z  =  Z6  are  c o n v e r t e d   i n t o  

i n i t i a l   u n b a l a n c e d   amounts   U l " ( u l " ,   61")  a n d  U 6 ( u 6 " ,   @6")  a t  

Z  o r d i n a t e s   Z  =  Zl '   and  Z  =  Z6'  which  have  been  o b t a i n e d   i n  

the  s t e p   18'  of  c a l c u l a t i n g   c e n t e r   of  g r a v i t y   p o s i t i o n s .  

F o r m u l a s   for   e f f e c t i n g   t h i s   c o n v e r s i o n   a r e  a l s o   d e r i v e d   f r o m  

the  f o r m u l a s   of  dynamic  b a l a n c e .   A c c o r d i n g   to  t h e s e  

f o r m u l a s :  



From  -hese   f o r m u l a s   Ul"  and  U6"  are  g iven   b y :  

Then  the  v a l u e s   of  Ul"  and  U6"  are   r e t u r n e d   or  f e d  

back  to  the  s t e p   16  of  d e t e r m i n i n g   c o r r e c t i n g   a n g l e s   so  t h a t  

Ul  and  U6  w i l l   be  r e p l a c e d .   The  f o l l o w i n g   c a l c u l a t i n g   s t e p s  

are  r e p e a t e d   so  t h a t   each  of  the  c o r r e c t i n g   p l a n e s   at  t h e  

t ime  of  i n d i c a t i n g   dynamic   u n b a l a n c e   w i l l   c l o s e l y   a p r o a c h   t h e  

p o s i t i o n   of  the  c e n t e r   of  g r a v i t y   of  the  c o r r e c t i v e   m a c h i n i n g  

p o r t i o n .   As  a  r e s u l t ,   i t   is  p o s s i b l e   to  c a n c e l   so  c a l l e d  

c o r r e c t i n g   p l a n e   e r r o r s ,   and  t h e r e f o r e ,   m a c h i n i n g   d a t a  

f u l f i l l i n g   the  c o n d i t i n   of  the  j u d g i n g   s t e p   20  w i l l   b e  

e m i t t e d .  

In  the  a b o v e - d e s c r i b e d   embod imen t s   of  the  p r e s e n t  

i n v e n t i o n ,   the  r o t o r   is  mach ined   by  means  of  a  m i l l i n g   c u t e r ,  

d r i l l   or  the  l i k e   so  as  to  remove  a  g iven   amount  or  w e i g h t  

t h e r e f r o m .   However ,   in  p l a c e   of  r emoving   a  c o r r e c t i v e   a m o u n t  

or  w e i g h t ,   a  c o r r e s p o n d i n g   c o r r e c t i v e   amount  may  be  added  t o  

the  r o t o r .   For  i n s t a n c e ,   s e v r a l   h o l e s   may  be  made  a x i a l l y   i n  

the  r o t o r   in  a d v a n c e ,   and  c o r r e c t i v e   w e i g h t s   may  be  f i l l e d   i n  

some  of  t h e s e   h o l e s   to  o f f s e t   the   u n b a l a n c e .  

From  the  f o r e g o i n g   d e s c r i p t i o n ,   i t   w i l l   be  u n d e r s t o o d  

t h a t   the   s o l u t i o n   for   the  c o r r e c t i v e   m a c h i n i n g   a m o u n t s ,   w h i c h  



p r o v i d e s   dynamic  b a l a n c e   of  a  r o t a t i n g   body,   can  be  o b t a i n e d  

by  p e r f o r m i n g   o p e r a t i o n s   in  a  compute r   in  a  c o r r e c t i n g  

a p p a r a t u s   in  such  a  manner  t h a t   m e a s u r e m e n t   and  c o r r e c t i v e  

m a c h i n i n g   are   r e p e a t e d l y   s i m u l a t e d .   C o n s e q u e n t l y ,   t h e  

s o l u t i o n ,   which  has  been  d i f f i c u l t   to  o b t a i n   wi th   a  h i g h  

a c u r a c y   h i t h e r t o ,   can  be  found  wi th   r e l a t i v e l y   s i m p l e   s t e p s ,  

w h i l e   the  a c c u r a c y   of  the  s o l u t i o n   is  s u f f i c i e n t l y   h igh   i n  

p r a c t i c a l   use .   A c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n ,   s i n c e  

t h e r e   is  no  need  to  r e p e a t   m e a s u r m e n t s   and  m a c h i n i n g s   b e c a u s e  

high  a c c u r a c y   in  b a l a n c e   can  be  o b t a i n e d   by  maching   t h e  

r o t a t i n g   body  once ,   the  cos t   r e q u i r e d   for  b a l a n c i n g   work  c a n  

be  r e d u c e d ,   w h i l e   the  cos t   of  an  a u t o m a t i c   c o r r e c t i n g  

a p p a r a t u s   can  a l s o   be  r e d u c e d .   The  a b o v e - d e s c r i b e d  

e m b o d i m e n t s   are  j u s t   examples   of  the  p r e s e n t   i n v e n t i o n ,   and  

t h e r e f o r e ,   i t   w i l l   be  a p p a r e n t   for   t hose   s k i l l e d   in  the  a r e  

t h a t   many  m o d i f i c a t i o n s   and  v a r i a t i o n s   may  be  made  w i t h o u t  

d e p a r t i n g   from  the  s p i r i t   of  the  p r e s e n t   i n v e n t i o n .  



1.  A  method  of  c o r r e c t i n g   the  dynamic   u n b a l a n c e   of  a 

r o t a t i n g   body  by  e i t h e r   add ing   or  s u b t r a c t i n g   c o r r e c t i v e  

amounts   in  the  a x i a l   d i r e c t i o n   of  s a i d   r o t a t i n g   body  h a v i n g  

an  u n b a l a n c e d   amount  with  r e s p e c t   to  i t s   a x i s ,   c o m p r i s i n g :  

(a)  a  f i r s t   s t e p   of  d e t e r m i n i n g   c o r r e c t i n g   p o s i t i o n s  

and  c o r r e c t i v e   m a c h i n i n g   w e i g h t s   in  a c c o r d a n c e   w i t h  

i n f o r m a t i o n  r a l a t i n g   to  i n i t i a l   u n b a l a n c e d   amounts   at  t w o  

p r e d e t e r m i n e d   c o r r e c t i n g   p l a n e s   which  are  a x i a l l y   s p a c e d   a n d  

p a s s i n g   t h r o u g h   s a i d   r o t a t i n g   b o d y ;  

(b)  a  second   s t ep   of  c a l c u l a t i n g   the  p o s i t i o n   o f  

c e n t e r   of  g r a v i t y  o f  e a c h   c o r r e c t i v e   m a c h i n i n g   p o r t i o n   on  t h e  

a s s u m p t i o n  t h a t   c o r r e c t i v e   m a c h i n i n g   of  s a i d  r o t a t i n g  b o d y  i s  

e f f e c t e d   in  a c c o r d a n c e   wi th   s a id   c o r r e c t i n g   p o s i t i o n s   a n d  

s a i d   c o r e c t i v e   m a c h i n i n g   w e i g h t s ;  

(c)  a  t h i r d   s t e p   of  c a l c u l a t i n g   r e s i d u a l   u n b a l a n c e d  

a m o u n t s ,   which  a r e  l o c a t e d   in  s a i d   a x i a l   d i r e c t i o n ,   from  s a i d  

c o r r e c t i n g   p o s i t i o n s   and  s a i d   c o r r e c t i v e   m a c h i n i n g   w e i g h t s ;  

(d)  a  f o u r t h   s t e p   of  j u d g i n g   w h e t h e r   one  or  both   o f  

s a i d   r e s i d u a l   u n b a l a n c e d   amounts   is  w i t h i n   a  g iven   range   o r  

n o t ;  

(e)  a  f i f t h   s t e p   of  c a l c u l a t i n g   m a c h i n i n g   a m o u n t s  

c o r r e s p o n d i n g   t o - s a i d   u n b a l a n c e d   amounts   in  the  case  t h a t   o n e  

or  both  of  s a i d   r e s i d u a l   u n b a l a n c e d   amounts   has  been  d e t e c t e d  

to  be  w i t h i n   s a i d   g iven   range  in  s a i d   f o u r t h   s t e p ;  



(f)  a  s i x t h   s t e p   of  f e e d i n g   back  new  i n i t i a l  

u n b a l a n c e d   a m o u n t s ,   which  are  o b t a i n e d   from  s a i d   r e s i d u a l  

u n b a l a n c e d   amount  and  s a id   i n i t i a l   u n b a l a n c e d   a m o u n t s ,   t o  

s a i d   f i r s t   s t e p   in  the  case  t h a t   one  or  both  of  s a i d   r e s i d u a l  

u n b a l a n c e d   amounts   is  out  of  s a i d   g iven   r a n g e ;   a n d  

(g)  a  s e v e n t h   s t e p   of  m a c h i n i n g   s a i d   r o t a t i n g   b o d y  

for  c o r r e c t i n g   s a i d   dynamic  u n b a l a n c e   in  a c c o r d a n c e   with  s a i d  

m a c h i n i n g   amounts   o b t a i n e d   from  s a i d   f i f t h   s t e p   and  by  s a i d  

c o r r e c t i n g   p o s i t i o n s   d e t e r m i n e d   in  s a id   f i r s t   s t e p .  

2.  A  method  of  c o r r e c t i n g   the  dynamic  u n b a l a n c e   of  a 

r o t a t i n g   body  by  e i t h e r   a d d i n g   or  s u b t r a c t i n g   c o r r e c t i v e  

amounts   in  the  a x i a l   d i r e c t i o n   of  s a id   r o t a t i n g   body  h a v i n g  

an  u n b a l a n c e d   a m o u n t  w i t h  r e s p e c t  t o  i t s   a x i s ,   c o m p r i s i n g :  

(a)  a  f i r s t   s t e p   of  d e t e r m i n i n g   c o r r e c t i n g   p o s i t i o n s  

and  each  c o r r e c t i v e   m a c h i n i n g   w e i g h t   in  a c c o r d a n c e   w i t h  

i n f o r m a t i o n   r a l a t i n g   to  i n i t i a l   u n b a l a n c e d   amounts   at  two  

p r e t e r m i n e d   c o r r e c t i n g   p l a n e s   which  are  a x i a l l y   space   a n d  

p a s s i n g   t h r o u g h   s a i d   r o t a t i n g   b o d y ;  

(b)  a  second   s t e p   of  c a l c u l a t i n g   the  p o s i t i o n   of  e a c h  

c e n t e r   of  g r a v i t y   of  a  c o r r e c t i v e   m a c h i n i n g   p o r t i o n   on  t h e  

a s s u m p t i o n   t h a t   c o r r e c t i v e   m a c h i n i n g   of  s a i d   r o t a t i n g   body  i s  

e f f e c t e d   in  a c c o r d a n c e   wi th   s a i d   c o r r e c t i n g   p o s i t i o n s   a n d  

s a i d   each  c o r r e c t i v e   m a c h i n i n g   w e i g h t ;  

(c)  a  t h i r d   s t e p   of  c a l c u l a t i n g   r e s i d u a l   u n b a l a n c e d  

a m o u n t s ,   which  are  l o c a t e d   in  s a i d   a x i a l   d i r e c t i o n ,   from  s a i d  



c o r r e c t i n g   p o s i t i o n s   and  s a i d   c o r r e c t i v e   m a c h i n i n g   w e i g h t s ;  

(d)  a  f o u r t h   s t e p   of  j u d g i n g   w h e t h e r   one  or  both   o f  

s a i d   r e s i d u a l   u n b a l a n c e d   amounts   is  w i t h i n   a  g iven   range  o r  

n o t ;  

(e)  a  f i f t h   s t e p   of  c a l c u l a t i n g   m a c h i n i n g   a m o u n t s  

c o r r e s p o n d i n g   to  s a i d   u n b a l a n c e d   amounts   in  the  case  t h a t   o n e  

or  both   of  s a i d   r e s i d u a l   u n b a l a n c e d   amounts   has  been  d e t e c t e d  

to  be  w i t h i n   s a i d   g iven   range   in  s a i d   f o u r t h   s t e p ;  

(f)  a  s i x t h   s t e p   of  f e e d i n g   back  newly  se t   i n i t i a l  

u n b a l a n c e d   amounts   to  s a id   f i r s t   s t e p   in  the  case  t h a t   one  o r  

both   of  s a i d   r e s i d u a l   u n b a l a n c e d   amounts   is  out  of  s a i d  

p r e d e t e r m i n e d   r a n g e ,   s a id   n e w l y - s e t   i n i t i a l   u n b a l a n c e d  

amounts   be ing   o b t a i n e d   by  a s s u m i n g   two  new  c o r r e c t i n g   p l a n e s  

each  i n c l u d i n g   the  l o c a t i o n   of  s a i d   c e n t e r   of  g r a v i t y  

o b t a i n e d   in  s a i d   second   s t e p   and  by  c a l c u l a t i n g   i n f o r m a t i o n  

r e l a t i n g   to  the  u n b a l a n c e   at  the  assumed  p l a n e s   f r o m  

i n f o r m a t i o n   r e l a t i n g   to  the  l o c a t i o n   of  s a i d   c e n t e r   o f  

g r a v i t y   of  s a i d   c o r r e c t i v e   m a c h i n i n g   p o r t i o n s   and  from  s a i d  

i n i t i a l   u n b a l a n c e d   a m o u n t s ,   s a i d   i n f o r m a t i o n   r e l a t i n g   t o  

u n b a l a n c e   at  the  assumed  p l a n e s   be ing   c o n v e r t e d   i n t o  

i n f o r m a t i o n   r e l a t i n g   to  s a i d   newly  se t   i n i t i a l   u n b a l a n c e d  

amoun t s ;   a n d  

(g)  a  s e v e n t h   s t e p   of  m a c h i n i n g   s a i d   r o t a t i n g   b o d y  

for   c o r r e c t i n g   s a i d   dynamic  u n b a l a n c e   in  a c c o r d a n c e   wi th   s a i d  

m a c h i n i n g   amounts   o b t a i n e d   from  s a i d   f i f t h   s t e p   and  by  s a i d  

c o r r e c t i n g   p o s i t i o n s   d e t e r m i n e d   in  s a i d   f i r s t   s t e p .  



3.  A  method  of  c o r r e c t i n g  t h e   dynamic  u n b a l a n c e   of  a 

r o t a t i n g   body  as  c l a imed   in  Claim  1  or  2,  w h e r e i n   s a i d  

c o r r e c t i n g   p o s i t i o n s   are  l o c a t e d   a long   the  c i r c u m f e r e n c e   o f  

s a id   r o t a t i n g   body  at  a  g iven   a n g l e   i n t e r v a l .  

4.  A  method  of  c o r r e c t i n g   the  dynamic  u n b a l a n c e   of  a 

r o t a t i n g   body  as  c l a i m e d   in  Claim  3,  w h e r e i n   each  of  v e c t o r s  

i n d i c a t i v e   of  s a id   i n i t i a l   u n b a l a n c e d   amounts   is  r e l o l v e d  

i n t o   a  p l u r a l i t y   o f  v e c t o r s   l o c a t e d   at  s a i d   c o r r e c t i n g  

p o s i t i o n s   which  are  l o c a t e d   wi th   g iven   a n g l e s   so  t h a t   s a i d  

c o r r e c t i n g   p o s i t i o n s   and  s a i d   c o r r e c t i v e   m a c h i n i n g   w e i g h t s  

are  r e s p e c t i v e l y   f o u n d .  

5.  A  method  of  c o r r e c t i n g   the  dynamic  u n b a l a n c e   of  a 

r o t a t i n g   body  as  c l a i m e d   in  Claim  1,  w h e r e i n   each  s a i d   new 

i n i t i a l   u n b a l a n c e d   amounts  is  o b t a i n e d   by  add ing   a  f u n c t i o n  

of  s a i d   r e s i d u a l   u n b a l a n c e d   amount  to  s a id   i n i t i a l   u n b a l a n c e d  

a m o u n t .  

6.  A  method  of  c o r r e c t i n g   the  dynamic  u n b a l a n c e   of  a  

r o t a t i n g   body  as  c l a i m e d   in  Claim  2,  w h e r e i n   s a i d   second   s t e p  

c o m p r i s e s   a  s t e p   of  c a l c u l a t i n g   the  l o c a t i o n   of  e a c h  

r e s u l t a n t   c e n t e r   of  g r a v i t y   of  two  a d a c e n t   c o r r e c t i v e   v e c t o r s  

which  are  v e c t o r   componen t s   of  each  of  s a i d   i n i t i a l  

u n b a l a n c e d   a m o u n t s .  
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